Research for improving the product development process becomes crucial in new work organizations. Today, projects involve more and more activities and work groups which must be efficiently coordinated. In this paper, a method for structuring cooperative activities in order to improve its global performance is proposed. This global and methodological approach can be used to specify collaborative frameworks like Web technology environments. The study is based on the recommendations of ISO 9001 standard. Classical methods decompose a project into several work groups which are then scheduled. This first decomposition level is supplemented with a more detailed structuring level in order to control the size of the working teams. The steps of the process being defined and planned, the responsibilities inside the working groups are specified. Finally, the method proposes to identify the couples of actors who generate the best interface for the effectiveness of the cooperative work.
Introduction
To improve the product development process (PDP), companies lean on cooperative work organizations, M. David (B) · Z. Idelmerfaa Centre de Recherche en Automatique de Nancy -CRAN CNRS UMR 7039, Université Henri Poincaré, Nancy I, BP 239, 54506 Vandoeuvre Lès Nancy cedex, France e-mail: michael.david@cran.uhp-nancy.fr which enable collection of a great number of skills and thus of actors for the development project. But, these organizations require defining, planning and coordinating of the work groups and activities in the most effective possible way. Consequently, it is important to provide methods that enable to structure and to effectively control the PDP.
With the emergence of Concurrent Engineering, numerous research works and publications (Gebala & Eppinger, 1991; Kusiak, Larson, & Wang, 1994; Krishnan, Eppinger, & Whitney, 1997) were developed for organization and scheduling of cooperative activities. The different approaches are based on tools to describe the design activities and their dependencies (Steward, 1981) . They use partitioning methods to decompose a work organization into a set of work groups and to organize them according to their dependencies (Harary, 1962) .
A refinement of the groups obtained by partitioning methods is proposed. The objective is to improve lead time and workload of these groups. The application of a spectral algorithm allows to identify independent task groups capable of working in parallel. This decomposition allows to minimize reworking and repetition between tasks. The method proposes a set of decomposition criteria relative to the balancing of workload and a model for the estimation of development time and cost. The model allows to estimate and to compare various work organizations.
The method is derived from the analysis of a complex PDP in order to deduce its optimal organization. For this, the recommendations of the ISO 9001 standard (ISO, 2000) are applied, which define different requirements to control and to plan the design and/or development of a product and/or service:
• the steps of the PDP are defined and planned, • the required activities for review, verification and validation are well identified, • the responsibilities and authorities for the PDP are well identified, • the interfaces between groups involved in the development process are managed.
For the analysis of the information flow between the actors of a PDP, different techniques based on the graph theory are proposed in order to help a quality manager to determine the fulfilment of the requirements. In section "Defining the steps of the PDP", a method for decomposing and planning the steps of the PDP is defined. The responsibilities of the obtained groups are specified in section "Responsibilities for the development process". Section "Interfaces between work groups" describes the interfaces which must be managed to ensure both an efficient communication and to clarify the responsibilities.
Defining the steps of the PDP

General decomposition of the PDP
The first step of the proposed method aims at determining an initial organization of the cooperative activities of a PDP. It enables to identify and schedule the activities such that they:
• can be executed only after they receive all the information required from their predecessors (Serial activities), • do not depend on others tasks (Parallel activities), • are interdependent and must be executed simultaneously (Coupled activities).
This step is based on the work relative to the management of complex systems (Steward, 1981) . A product design project is modelled by 1means of a matrix called Design Structure Matrix (DSM).
In a DSM, an identically labelled row and column represent a design activity (Fig. 1) has to be made clear in the text by defining and describing an example, which should be presented prior to the method and which should be used throughout the paper. The elements "1" within each row identify, which activities must contribute to information for the proper achievement of the PDP. The initial DSM depicted on Fig. 1 cate that the actor a 3 requires information produced by the actors a 1 and a 6 . The information to be transferred from the actor a 1 is known because he has finished his work. But the information transferred from the actor a 6 is unknown and must be estimated by the actor a 3 because a 6 has not yet started his activity. The order of the rows (or columns) indicates the chronology of activities, i.e., the sequence to start design activities. The matrix is initially not structured (unspecified chronology) and doesn't show any visible connected activity.
The objective is to find a sequence of activities that enable the matrix to become lower triangle. The partitioning process consists in rearranging the initial matrix by interchanging rows and swapping the corresponding columns in order to achieve a more organized work sequence i.e., to enable the different actors to work on valid information. The method aims at identifying the strongly related components inside the matrix (Harary, 1962) . The actors are then collected within a coupled task, i.e., a work group where the actors must closely cooperate. In the example, three strongly related components constituted of the actors {a 1 , a 3 , a 6 }, {a 4 , a 10 }, and {a 2 , a 5 , a 7 , a 8 , a 9 , a 11 } are identified.
They are gathered in the matrix in three coupled tasks which are then scheduled in order to remove the "1" on the upper triangle of the matrix and to obtain a partial order (Fig. 2) . The two-coupled tasks implying the actors {a 1 , a 3 , a 6 } and the actors {a 4 , a 10 } can be executed in parallel because they do not have interaction. Then, as soon as these two tasks are performed, the third coupled task implying the actors {a 2 , a 5 , a 7 , a 8 , a 9 , a 11 } will be able to work since it will have all information it requires, transferred from the first two tasks.
The major interest to define a work organization by partitioning a DSM is to decompose and to schedule the
